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long ovi.positors deeply sunken into the trunks of such 
trees (infested with Sirex) in the act of laying their eggs 
in the bodies of the wood-boring larvre." 

From the use of the generic name Sirex, Professor 
Comstock's statement would seem to be drawn from 
European sources, and this has led us to make some 
search of European records for observation upon allied 
species. 

Westwood (Intro., etc., II., 150) ;says : 
.. Some species, whose females are furnished with a 

very long ovipositor, are found on the trunks of trees, 
stumps of wood, etc., evidently searching for the 
lignivorous larvre, in which they deposit their eggs." 

Ratzeburg (Ichneumonen d. Forstins.) states that 
both N ordlinger and himself reared Rhyssa pe1'8uasoria 
from Sirex spectrum, and he also records R. curvipes as 
reared froll Xiphidria camelus. He does not, how
ever, give any details of his observations, nor does he 
state that the parasite in ovipositing pierces the wood
boring grub. 

In spite, however, of the lack of definite observations 
on this point, the idea was almost universally prevalent 
among entomologists up to recent years that the para
site pierced the grub with her ovipositor and deposited 
her egg in its body. 

In the December, 1882, number of the Canadian 
Entomologist, Mr. Frederick Clarkson gave an account 
of observations upon this parasite which were, upon 
the whole, very similar to those which we had pre
viously made. His article was called forth by a popu
lar review of the habits of atrata and lunator contri
buted to the May number of the same journal by Mr. 
W. H. Harrington, in which the latter fell into the old 
error of stating that the female Thalessa deposits her 
eggs in the larvre of the U roceridre and other wood 
borers by means of her long ovipositor. Mr. Clarkson 
stated in brief that his experience had demonstrated 
that while it may be a fact that these insects deposit 
their eggs upon the larvre of Uroceridre or other borers, 
they do not commonly do so. In every case that he 
observed, the ovipositor entered through wood that 
had not been previously attacked, and in his op�nion 
the egs: is often, if not generally, laid. regardless of con
tact WIth the larvre. He concluded that if the Ichneu
monid larvre are carnivorous they must bore in search 
of food, as he thought it improbable that the adults 
performed the great labor of boring on the chance of 
meeting with a larva, but rather that they deposit 
eggs at every insertion. 

In 1884 the question was brought up again by Mr. 
George Gade, of Fordham, N. Y., who had made prac
tically the same observations as Mr. Clarkson, but who 
drew the strikingly erroneous conclusions that Tha
lesso is lignivorous aud not parasitic. He is reported 
to have stated at the meeting of the Brooklyn Entomo
logical Society, held September 27, 1884 (see HUlletin 
Brooklyn Entom. Soc., Vol. VII., Nov., 1884, page 103), 
that he had long dOUbted the parasitic habit of the 
species. He remarked: 

"I have, during the past season, watched many 
females ovipositing, and have cut off the ovipositor 
when ready to be withhrawn, and in no instance have 
I found a larva of any kind anywhere near the point 
reached by the borer and where the egg was deposited. 
The conclusion is, therefore, that the larva is a true 
wood feeder, and not parasitic." 

In the discussion which followed, Messrs. George D. 
Hulst and A. C. Weeks are stated to have announced 
that they had reached the same conclusion from inde
pendent observation. 

At the Decelllber meeting of the Entomological 
Society of Washington we commented upon this report 
of Mr. Gade's observations, and later wrote to the 
editors of the Brooklyn Bulletin a letter whicl,I was 
published in the January (1885) number (page 123), 
giving the results of our own observation, and quoting 
the following letter, which we had previously written 
to Mr. J. A. Lintner, and which he published in an 
article of his own in the Country Gentleman for April 
17,1884 (Vol. XLIX., page 331): 

"I have on several occasions had opportunity of 
closely studying not only the mode of, oviposition, but 
of larval growth of Rhyssa. My sketches and notes 
are at home ( written from Boscawen, N. H.), bnt the 
salient facts bearing on your question I can give from 
memory. In all instances where 1 have found the 
female depositing, it has been in trees infested with 
Tremex columba, and I have found her most numerous 
on badly affected or injured trees, or even on stumps 
or broken trunks already partly decayed. The instinct 
to reach the egg or larva of Tremex, so dwelt upon in 
popular accounts, is imaginary. She bores directly 
through the outer parts of the tree, and doubtless 
probes for a burrow; but her egg is consigned any
where in the burrow; the young larva seeks its prey, 
and lives and develops without penetrating the body 
of its victim, but fastened to the exterior. This habit 
among parasites is much more common than is gener
ally supposed. A great many Rhyssa larvre doubtless 
perish without finding food, and a great many females 
die in probing for a burrow, especially when they bur
row through wood that is sound and hard." 

We also published in Science, November 28,1884 
(Vol. IV., No. 95, page 4 86), a note making the same 
criticism. 

In the discussion which followed the reading of our 
letter at the November (1884) meeting of the Brooklyn 
society, as reported by Mr. John B. Smith, Mr. Gade 
announced hImself as" positive that many of the logs 
frequented by the Rhyssa are not infested by Tremex 
or other wood-boring larvre." 

It follows from the accurate observations here 
brought together, and which do not depend upon in
ference, that Mr. Gade (as all those who support him) 
was entirely wrong in his conclusion that Thalessa is 
lignivorous; and though further observations were 
promised the ensuing year, we have looked in vain in 
the reports of the meetings of the Brooklyn society for 
any subsequent statement or admission of error. 

We have had in our collection since 1872 alcoholic 
specimens of T. lunator, as well as Tremex columba in 
all stages, taken from the trunk of a box elder (Negun
do aceroides) on Mr. William Coleman's farm, near 
Merrimac, Mo. We took these on July 4, 1872, and 
made notes as to the habits of the larva and pupa of 
both species. The tree was already partly dead, and, 

in fact, our experience in this, as in subsequent observa
tions, shows that in most cases the tree has been some
what affected, so that the wood was not firm an(1 
healthy. This stump furnished an excellent opportu-

nity for investigation, because it was so easily split, 
and we exa.mined the burrows very carefully and found 
Thalessa in all stages at that time-larvre, pupre of both 
sexes, and imagoes of both sexes within the tree, the 
larvre being of various sizes and iuvariably external to 
the Tremex, i. e., not within, but holding on to its 
victim and sucking the latter's life away, without in 
any case entering the body. At this same time females 
were also actively engaged in ovipositing, and by care
fully tracing the ovipositor in several cases we came to 
the conclusion that she did not attempt to reach the 
Tremex larva, but only to reach its burrow, and that 
the young parasitic larva after hatching must instinct
ively seek its victim. 'l'halessa, therefore, is not an 
internal parasite, and in this it agrees with a great 
many other parasites, both Hymenopterous and Cole
opterous, e. g., Ophion, Typhia, Euplectrus, Elachistus, 
Elasmus, Polysphincta, Acrodactyla, Rhipiphorus, etc., 
which are all external, as we know from our own ex
perience and Mr. Howard's; while Tryphon, Sphinctus, 
and Paniscus are mentioned by Westwood as having 
the same habit. In fact, external parasitism is far 
more common among the larvre of the Ichneumonidre 
and the Chalcidirlre than has hitherto been supposed, 
and may be said almost to be the rule with all parasites 
upon true Endophytes, and with secondary parasites. 
The truth of the whole matter is, that Thalessa, like 
all other insects, is liable to suffer from fallible in
stinct, and that while she doubtless has better means 
of distinguishing a tree infested by Tremex than we 
ha ve, she nevertheless often makes mistakes, and the 
.. unerring instinct " which book entomologists are so 
fond of dwelling upon is often at fault. In our own 
experience we have never found her boring in uninfest
ed trees, as others have done, and in cases where she 
fails to reach a Tremex larva and to fasten her egg 
upon or near it, she must either reach a Tremex burrow 
or a Tremex larva must come in contact with such egg 
or the larva issuing therefrom to insure perpetuation. 
The Thalessa larva no doubt actively searches for its 
victim within the burrow, but, from the nature of its 
mouth parts, is incapable of boring wood, as Mr. Har
rington and Mr. Clarkson suppose. 

METHOD OF OVIPOSITION IN THALESSA. 

The method of oviposition in a creature with such 
an enormously long ovipositor as Thalessa possesses 
must be of particular interest. We have had good 
opportunities of observing it. In preparing for the 
act the position is generally longitUdinal or in a line 
with the axis of trunk or branch, the head either up 
or down. With the abdomen raised in the air the oyi
positor is taken and managed with the hind legs, and 
the tip guided by the front tarsi. The two outer 
sheaths are used as props and do not enter the wood 
with the ovipositor proper. They are generally crossed 
-a position which gives additional strength and secu
rity to them. Now, by a movement from side to side, 
and by arching the abdomen and bearing upon the 
ovipositor, she gradually forces this back through the 
tip of the abdomen into a membrane which issues from 
between the sixth and seventh joints dort;lally. There 
is a wonderful muscular power in the anal joints, and 
the {)vipositor is forced back until it forms a perfect 
coil, so t,hat when the abdomen is stretched in a 
straight line to its utmost (Fig. 1, c) the ovipositor with
iIi the membrane makes a circle almost as large as a 
quarter of a dollar, the anal joint having made a three
fourths turn within the membrane. In this manner 
the ovipositor under the venter has been sufficiently 
shortened to bring its tip against the bark. During 
this operation, however, the outer sheaths, which have 
not followed the ovipositor within the membrane, have 
been obliged to make a more or less irregular coil oppo
site to and in front of the membrane, on the ventral 
side, as at Fig.l,f. Now commences the operation of 

FIG. l.-THALESSA L UN ATOll. 
a, female in act of ovipositing; b, abdomen, showir.g outer sheaths in 

s l ightly different position; c, ahdomen st retched to its utmost, as 
when first inserting or finally withd rawing the OviposItor1 and show
ing the coil of outer sheaths,!. the distended membrane, d, and the 
OVIpositor coiled around inside it at periphery (original). 

boring. and with the wonderful muscular power in the 
anal joint and the elasticity of the membrane, the in
sertion of the ovipositor goes on quite steadily if the 
wood be in the least soft. As the borer enters, the 
sheaths make a larger and larger loop on one side of 
the body, or even a valve on each side, and at last., 
when the borer is well nigh inserted, they present the 
appearance represented in a and b. Our figures, made 
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from sketches in the field at the time mentioned, will 
convey a very good idea of this interesting process. In 
withdrawing the ovipositor the reverse action takes 
place and the loops of the outer sheaths gradually be
come smaller and smaller; the ovipositor proper is 
again forced back into the tough, bladder-like mem
brane between the sixth and seventh joints dorsally 
and we have a repetition of the appearance (d) as 
already described. The popular figures of the act of 
oviposition which we have so far seen are for the most 
part imaginary and erroneous. That of Rhyssa by 
Blanchard, for instance, is purely imaginary and shows 
the ovipositor inserted in a Sirex larva, while that by 
Wood is still poorer. The best we have seen, and evi
dently copied from some European work, we take from 
all old American Agricultul'ist (Fig. 2). The species is 

FIG.2.-RHYSSA PERSUASORIA OYIPOSITING. 
(A fter the American Agricttlturist.) 

evidently Rhyssa persuasoria, which is common to 
Europe and North America, and which, having a rela
tively shorter ovipositor than Thalessa, may not re
quire the elastic membrane. The larva and pupa of 
this species are figured and described by Snellen van 
Vollenhoven in Tijdsch1'ift vool' .Entomologie (IV., 1860, 
pages 176,177, plate 12). The ovipositor of the pupa, 
as is to be expected, is only about one-half as long as 
that of Thalessa. 

Probably as good an account of the method of the 
boring as has been published, and one of the earliest 
accurate accounts, is that contributed by Mr. J. Quay 
to our American Entomologist for September, 11'80 
(Vol. IlL, page 219). We quote from this article as 
follows: 

.. As these insects, by standing on tiptoe and elevat
ing their abdomen to its fullest height, can clear but 
about two inches space, the problem presents it�elf as 
to how can the remaining three inches of ovipositor be 
disposed of in order to allow the drill end to enter the 
perforated stump. 

" I observed that after raising the abdomen as far as 
possible the drill was worked forward so as to slightly 
bend under, giving the insect a purchase on same. 
Then followed a hearing-down motion on the bent 
tube, curving the end of the abdomen forward and up
ward, and next forcing the ovipositor, near its attached 
end, to curve also and pass up through the abdomen 
and above into a cavity which there opened for its 
reception. 

" What a strange provision of nature! 
"The cavity was inclosed by a membranol1!' sack, 

capable of great distension, and while the drill was 
being continually forced up through, it curled about 
within the sack, forming one complete bend of about 
three-fourths of an inch in diameter, and another 
partial one. When fully distended the sack was very 
thin, quite transparent, and seemingly upon the point 
of bursting apart. But the ovipositor was in this man
ner brought to the edge of the worm hole, was slipped 
in, and this made to ease away upon the distended 
sack, which, by collapsing, forced out again the drill 
by its mere force of contraction. The coil now soon 
disappeared, and the insect was fully prepared to com
mence operations upon the hapless Tremex." 

(To be continued). 

SULFONAL. 
JUDGING from the clinical and other reports (Prac

tice), it would seem that sulfonal is a hypnotic of un
questionable value, and that it has "come to stay." 
When.first introduced, however, it was claimed for the 
drug to have no unpleasant after effects; but from re
cent observations in the clinic of Professor Ziemssen, of 
Munich, it appears that when the sleep produced by 
sulfonal is accidently interrupted, patients complain 
of a sense of fatigue, headache, ringing in the ears, and 
occasionally vertigo. No unpleasant phenomena result, 
however, if the patient is allowed to awake spontane
ously. 

Bearing on this subject, we note the personal experi
ence of Dr. S. Grover Burnett (N. Y. Med. Jour.), who, 
in describing the effects of sllifonal when taken by him 
for insomnia, due to worry and undue taxation, says: 
"I took thirty grains, and in thirty minutes experi
enced a perfect desire for repose, being succeeded in a 
few minutes by wakefulness, but I fell asleep ir. an 
hour and slept for eleven hours. I a woke with dizzi
ness, which passed away on rising, but suffered from 
muscular weakness to the extent that I walked with 
difficulty. Volition was unaffected, but my co-ordinat
ing powers were defective, which lasted pretty much 
all day. The second dose was twenty grains ; good 
�leep with the above named symptoms in less degree. 
Third dose, fifteen grains; refreshing sleep, but I ex
perienced slight muscular weakness on exertion." Dr. 
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Burnett has also given it a thorough trial in sixteen 
cases of insomnia of mental diseases, and concludes 
that sulfonal is a reliable hypnotic In the various psy
choses void of depressive states-mania, the maniacal 
stage of paresis, delusional insanity, etc. It is less 
favorable in melancholia with pronounced depression. 
Is contra-indicated in arteriosclerosis concomitant to 
a psychosis. He concludes by saying he regards it as 
superior to any hypnotic he has ever used when given 
with the same care.-Memphis Ned. Monthly. 

SOAPING GEYSERS.* 
By ARNOLD HAGUE, Washington, D. C. 

AT the Buffalo meeting, October, 1888, Dr. Raymond 
presented a paper en.titled .. Soaping Geysers,". in 
which he called attentIOn to the use of soap by tOUrIsts 
to cause eruptions of several of the well known geysers 
in the Yellowstone Park. Incorporated in this paper 
appears a communication received from me, written 
from camp in the Park, in reply to some inquiries on 
the subject. The letter discussed somewhat briefly the 
means employed by visitors to the Park to hasten the 
eruptions from hot springs and reservoirs of hot water, 
which remain dormant for days, or even weeks or 
months, at a temperature near the boiling point, with
out any display of geyser action. As the paper has 
called forth considerable comment, I desire to elucidate 
one or two points in relation to the temperature of the 
springs, and to answer some inquiries about the com
position of the thermal waters. 

In the summer of 1885, a Chinaman, employed as a 
laundryman for the accommodation of the tourists at 
the Upper Geyser Basin, accidentally discovered, m uch 
to his amazement, that soap thrown into the spring 
from which he was accustomed to draw his supply of 
water produced an eruption in every way similar to 
the actual workings of a geyser. Tourists with limited 
time at their command, who had traveled thousands of 
miles to look upon the wonders of the Yellowstone, 
soon fell into the way of coaxing the laundryman's 
spring into action, to partly compensate them fur their 
sore disappointment in witnessing only the periodical 
eruptions of Old Faithful. Successful attempts upon 
this spring soon led to various endeavors to accelerate 
action in the dormant and more famous geysers. In a 
short time, so popular became the desire to stimulate 
geysers in this way, that the Park authorities were 
compelled to enforce rigidly the rule against throwing 
objects of any kind into the springs. 

In connection with a thorough investigation of the 
thermal waters of the Yellowstone Park and the phe
nomena of the geysers, I undertook a number of ex
periments to ascertain the action of soap upon the 
waters and to determine, if possible, those physical 
conditions of various pools and reservoirs which per
mitted the hastening of an eruption by the employ
ment of any artificial methods. This investigation, 
conducted from time to time, as opportunity offered, 
throughout the field season of 1885, included experi
ments upon the geysers and hot springs of the Upper, 
Lower, and Norris geyser basins. 

The results proved, beyond all question, that geyser 
action could be forced in a number of ways, but most 
conveniently by the application of soap. The greater 
part of the more powerful geysers undergo no percep
tible change with a moderate use of soap, although 
several of them may, under favorable physical condi
tions, be thrown at times into violent agitation. III 
most of the experiments, Lewis' concentrated lye, put 
up in one-half pound cans for laundry purposes, was 
employed. Each package furnished a strong alkali, 
equivalent to several bars of soap. In this form alkali 
is more easily handled than in bars of soap, more es
pecially where it is required to produce a viscous fluid 
in the larger reservoirs; and, in conducting a series of 
experiments for comparative purposes, it seemed best, 
in most instances, to employ the same agent to bring 
about the desired results. 

Old Faithful, the model geyser of the Park, exhibits 
such marked regularity in its workings that attempts 
to hasten its action appear futile. The interval be
tween eruptions is about 65 minutes, and rarely exceeds 
the extreme limits of 57 and 72 minutes. After an 
eruption of Old Faithful, the reservoir fills up gradu
ally; the water steadily increases in temperature; and 
conditions favorable to another eruption are produced 
under circumstances precisely similar to those which 
have brought about the displays for the past eighteen 
years or as far back as we have authentic records. The 
few experiments which have been lllade upon Old 
Faithful are insufficient to afford any results bearing 
on the question; but it seems probable that soon after 
the water attains the necessary temperature, an erup
tion takes place. 

Of all the powerful geysers in tJ.I� Park, the Bee
Hive offers the most favorable condItIOns for produc
ing an eruption by artificial means, all the more strik
ing because the natural displays are so fitful that they 
cannot be predicted with any degree of certainty. 
Observations, extending over a period of several 
years, have failed to determine any established law of 
periodicity for the Bee-Hive, even for three or four con
secutive months; although they indicate that some 
relationshi p may exist between its display and those of 
the famous Giantess. Frequently the Bee-Hive will 
play several times a day and then become dormant, 
showing no signs of activity for weeks and months, 
although the water may stand above the boiling point 
the greater part of the time. The name Bee-Hive was 
suggested by the symmetry of the cone built around 
the vent. It rises about 4 feet above the sloping 
mound of geyserite, and, in cross section, measures 
about 3 feet at the top, while at the bottom of the 
cone the vent is less than 10 inches in width. From 
the top of this narrow vent it is only possible to sink a 
weight 17 feet before striking a projecting ledge, which 
interferes with all examination of the ground below. 
The constant boiling and bubbling of the water, the 
irregularity of its action, and the convenient location 
of the geyser, within an easy walk from the hotel, 
make attempts to accelerate the eruptions of the Bee
Hive most attractive to tourists. 

In most instances such efforts are futile; yet success 
does so frequently reward the astonished traveler that, 
unless the geyser were carefully watched by the au
thorities, attempts would be made daily throughout 
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the season. If the conditions are favorable to an erup
tion, it usually takes place in from 10 to 25 minutes 
after the addition of laundry Boap or lye. It is doubt
ful if more than two eruptions of the Bee-Hive have 
ever been produced on the same day by artificial means, 
although I know of no reason, based upon the struc
ture of the geyser, why more displays might not be ob
tained . for the reservoir and vent fill up with boiling 
water �ery rapidly after each eruption. 

Although the Giantess is situated only 400 feet from 
the Bee-Hive, these two differ in surface and under
ground structure, and mode of action, as widely as any 
two of the more prominent geysers of the park. 
Around the Giantess no cone or mound has formed. 
The broad basin is onJy partially rimmed in by a nar
row fringe of siliceous sinter, rising above and extend
ing out over the deep blue water. 

At the surface, this basin measures about 15 to 20 
feet in width by 20 to 30 feet in length. It has a 
funnel-shaped caldron, 30 feet in depth, ending in a 
vertical vent or neck, 12 feet deep, through which a 
sounding lead may be dropped into a second reservoir, 
meeting a projecting ledge or obstruction of some kind, 
61 feet below the surface. 

After an outburst of the Giantess, the basin, which 
has been completely emptied of its water, gradually 
fills again to the top; and, for days before another 
eruption, a steady stream of hot water overflows the 
brim. 

The intervals between the eruptions of the Giantess 
vary from 12 to 20 days, and the displays last several 
hours, being unsu!passed for violence and grandeur by 
any geyser in the Upper Basin. Artificial means have 
never been successful in bringing this geyser into ac
tion, although, for days before an eruption, it is an 
easy matter to cause an agitation of the water by 
throwing into the basin small pieces of sinter, or to pro
duce a boiling on the surface, lasting several minutes, 
by simply stirring the water wi�h a stick. . The Giant, one of the most vIOlent of the geysers m 
the Upper Basin, more closely resembles the Bee-Hive 
than any other of those along the Firehole River. It 
has built up a cone 10 feet in height, one side of which 
has been partly broken down by some eruption more 
violent than any witnessed at the present day. 

Through this notched side, steam and broken jets of 
water are constantly emitted; and on this account but 
little examination has been made of the underground 
reservoirs and vents. The Giant is fitful in its action, 
at times playing with consirlerable regularity every 
14 days, and at other times lying dormant for nearly a 
year. 

I have no positive knowledge that an eruption-of 
the Giant has ever been produced by any other than 
natural causes. At the time of my experiments no 
eruption of the Giant had taken place for several 
months, although the water was constantly agitated, 
so much so that it was quite impossible to examine the 
vent with any satisfactory results. The only effect 
produced by the application of lye was additional 
height to the column of water thrown out and a de
cided increase in the thumping and violence of the 
boiling. 

In the Lower Basin, the Fountain has been more 
carefully studied than the other geysers; and, its ac
tion and periodicity of eruptions having been fairly 
well ascertained, it afforded the most favorable condI
tions for observing the action of wap and lye upon 
the waters. 

In its general strncture the Fountain belongs to the 
type of the Giantess, having a funnel-shaped caldron 
which, long before an eruption, oyelflows into an ad
joining basin. At the time of my experiments upon 
the Fountain, the int,ervals between eruptions lasted 
about four hours. 

This interval allowed sufficient time to note any 
changes which might take place. My own experi
ments with lye yielded no positive results; althongh it 
seemed highly probable that action might be haste�ed 
by the application of soap or lye just before the tIme 
for an eruptioIl'r 0r when, for some cause, the eruption 
was overdue. preferred to make the attempt to 
bring about an explosion before the usual time, only 
waiting until the water in the pool had nearly reached 
the boiling point. All experiments failed. 

The previous year, when wishing to produce action 
for the purpose of photography, I was enabled to ac
complish the desired rewlt by vigorouflly stirring with 
a slender pole the water near the top of the vent con
necting with the lower reservoir. In this instance, it 
should be said, the usual interval of time between 
eruptions had long since passed; the geyser was, so far 
as tillle was concerned, a half-hour overdue. My 
opinion now is that the experiments with lye failed be
cause the temperature had scarcely reached the boiling 
point. 

The Monarch, in the Norris Basin, is' quite unlike 
those already described, and affords evidence of being 
a much newer geyser. It is forined by two convergent 
fissures, on the line of a narrow seam in the rhyolite, 
probably coming together below the surface. The 
main vent measures about 20 feet in length and, at the 
surface, 3 feet in width. But slight incrustation is 
found around the vent, the conditions not being very 
favorable to deposition. In this narrow fissure the 
water, which ordinarily stands about 15 feet helow the 
surface, constantly surges and boils, except immedi
ately after an eruption. The intervals between erup
tions vary somewhat from year to year; but at the 
time of these experiments the action was fairly regular, 
the geyser playing every four hours. I was successf,ul 
in obtaining an eruption quite equal to the natural dIS
plays. which throw a column of water 50 feet into the 
air. Here at the Monarch there is no surface reservoir, 
and the narrow fissure, filled with loose blocks of rocks 
around which the water is in constant agitation, pre
vents all measurements of depth. 

The results of the many experiments, not only upon 
active geysers, but upon a large number of hot springs, 
determine fairly well the essential conditions which 
render it possible to bring about geyser action by arti
ficial means. Negative results are frequently as valu
able for this inquiry as experiments yielding imposing 
displays. 

Outside of a few exceptional instances, which could 
not be repeated. and in which action was probably 
only anticipated by a few minutes in time, geyser erup
tions produced by soap or alkali appear to demand two 
essential requirements: First. the surface-caldron or 
reservoir should hold but a small amount pf water, ex-
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posing only a limited area to the atmosphere; second. 
the water should staud at or above the boiling point of 
water for the altitude of the geyser basin above sea 
level. The principal factor which makes it possible to 
cause an eruption artificially is, I think, the superheat
ed and unstable condition of the surface waters. Many 
of the geysers and hot springs present the singular 
phenomenon of pools of water heated above the theo
retical boiling point, and, unless disturbed, frequently 
remain so for many days without exhibiting any Eigns 
of ebullition. It may not be easy to describe accurately 
these superheated waters; but any one who has studied 
the hot springs and pools in the Park and carefully noted 
the temperatures, quickly learns to recognize the peculiar 
appearance of these basins when heated above the boil
ing point. They look as if they were" ready to boil," 
except that the surface remains placid, only interrupted 
by numerous steam bubbles. Jising through the water 
from below and bursting quietly upon reaching the 
surface. 

Marcet, the French physicist, has specially investi
gated the phenomena of superheated waters, and has 
succeeded in attaining a temperature of 1050 C. before 
ebullition. Superheated waters in nature, however, 
appear to have been scarcely recognized, except during 
the progress of the work in the Yellowstone Park, in 
connection with the study of the geysers. The altitudes 
of the geyser basins above sea level have been ascer
tained by long series of barometric readings. continued 
through several seasons. In conducting a series of ob
servations upon the boiling points of the thermal waters 
in the park, Dr. William Hallock, who had charge of 
this special investigation, determined the theoretical 
boiling point by noting the mean daily readings of the 
mercurial column. The exact boiling point of a pure 
surface water, obtained from a neighboring mountain 
"tream, and the boiling point of the thermal waters 
from the springs, were determined from actual experi
ments by heating over a fire, employing every possible 
precaution to avoid sources of error. Surface waters 
and deep-seated mineral waters gave the same results, 
and coincided with the calculated boiling point at this 
altitude. Hundreds of observations have been care
fully taken where the waters in the active and running 
springs boiled at temperatures between 198° and 1990 
Fahr. 

As will be shown later in this paper, the thermal 
waters are solutions of mineral matter too dilute to be 
affected to any appreciable extent as regards their 
boiling point by their dissolved contents. The. theo
retical boiling point for the springs and pools III the 
Upper Geyser Basin may be taken at 92'5° C. (198'5° 
Fahr.) In many of the large calDrons, where the 
water remains quiet, a temperature has been recorded 
of 94° C. (201'2° Fahr.) without the usual phenomena of 
boiling. This gives a body of superheated water with 
a temperature at the surface of 1'5° U. (2 '7° Fahr.) above 
the point necessary to produce explosive action. Ther
mometers plunged into the basins show slightly vary
ing temperatures, dependent upon their position in the 
basin. They indicate the existence of numerous. cur
rents and a very unstable equilibrium of the heated 
waters, which are liable, under slight changes, to burst 
forth with more or less violence. It is under these con
ditions that geyser action can be accelerated by arti
ficial means. If into one of these superheated basins 
a handful of sinter pebbles be thrown, or the surface of 
the water be agitated by the rapid motion of a stick 
or cane, or even by lashing with a rope, a liberation of 
steam ensues. This is liable to be followed by a long 
boiling of the water in the pool, which in turn may lead 
to geyser action. There is some reason to believe that, 
at least in one instance, an eruption has been brought 
about by a violent but temporary gust of wind, which 
either ruffled the wa tel' or disturbed the equilibrium of 
the pool, and changed momentarily the atmospheric 
pressure. 

In Iceland travelers have long been accustomed to 
throw into the geysers turf and soft earth from the 
bogs and meadows which abound in the neighborhood, 
the effect produced being- much the same !,,-S that of 
sinter pebbles and gravel upon the geysers III the N a
tional Park. So well was this understood that at one 
time a peasant living near the Iceland locality kept a 
shovel solely for the accommodation of those visiting 
the geysers. 

In my letter to Dr. Raymond I mention the curious 
fact that the laundryman's spring, now known as the 
Chinaman, in which geyser action may most easily be 
produced by artificial means, has never been regarded 
by the Geological Survey as anything but a hot spring, 
and no one has ever seen it in action without the appli
cation of soap, except in one instance, when it was 
made to play to a height of twenty feet after stirring it 
vigorously with a pine bow for nearly ten minutes. In 
our records it is simply known as a spring. 

If soap or lye is thrown into most of the small pools, 
a viscous fluid is formed; and viscosity is, I think, 
the principal cause in hastening geyser action. Viscos
ity must tend to the retention of steam within the 
basin, and, as in the case of the superheated waters, 
where the temperature stands at or above th� boiling 
point, explosive liberation must follow. All alkaline 
solutions, whether in the laboratory or in nature, 
exhibit, by reason of this viscosity, a tendency to bump 
and boil irregularly. ViscoRity in these hot springs 
must also tend to the formation of bubbleR and foam 
when the steam rises to the surface, and this in turn 
aids to bring about the explosive action, followed by a 
relief of pressure, and thus to hasten the final and more 
powerfu display. Of course relief of pressure of the 
superincumbent �aters upon �he column of ,,:ater be�ow 
the surface baSIn is essentIal to all  eruptIve actIOn. 
These conditions, it seems to me, are Jmrely physical. 
Undoubtedly the fatty substances contAined in soap 
aid the alkali in rendering the water \'i�cous. On the 
other hand, when concentrated lye is u�ed it acts with 
greater energy, and furnishes a viscous fluid where 
soap would yield only surface suds, insufficient to ac
complish any phenomenal display. 

It is well known that saturated solutions of mineral 
substances raise the boiling point very considerably, 
the temperature having been determined for lllany 
of the alkaline salts. In general, I believe the boiling 
point increases in proportion to the amollllt of salt 
held in solution. Actual tests have slmwn that the 
normal boiling point of siliceous waters in the Park 
does not differ appreciably from the ordinary surface 
waters, mainly, I suppose, because they are extremely 
dilute solutions. 
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